® 



J 



Europalsches Patentamt 
European Patent Office 
Office europ$en d s brevets 



© Publication number: 



mil 

0 673 076 A1 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 94307391.6 
© Date of filing: 07.10.94 



© lnt.CI.°:H01M 12/06, H01M2/20 



A request for correction of the claims has been 


P.O. Box 23073 


filed pursuant to Rule 88 EPC. A decision on the 


Jerusalem 91230 (IL) 


request will be taken during the proceedings 


@ Inventor: Ha rats, Yehuda 


before the Examining Division (Guidelines for 


Examination in the EPO, A-V, 3.). 


45 Melavey Hashayarot Street 




Jerusalem (IL) 


© Priority: 15.0a94 US 213674 


Inventor: Oechovlch, Boris 


15.07.94 US 275588 


16/6 Sayeret Yerushalmlt Street 




Jerusalem (IL) 


@ Date of publication of application: 


Inventor: Korall, Menachem 


20.09.95 Bulletin 95/38 


14 Israel Porat Street 




Jerusalem (IL) 


© Designated Contracting States: 




AT BE CH DE DK ES FR GB GR IE IT U LU MC 


© Representative: Baverstocfc, Michael George 


NL PT SE 




Douglas et al 


© Applicant: ELECTRIC FUEL (E.F.L) LTD. 


BOULT, WADE & TEN N ANT 


5 Klryat Mada Street, 


27 Fumlval Street 


Har Hotzvlm, 


London, EC4A1PQ(GB) 



CO 



CO 
IN 
CO 



UJ 



© A cell for a metal-air battery. 

© A modular cell for a multi-cell metal-air battery 
system, comprises a relatively flat cell housing hav- 
ing two major surfaces and accommodating a pair of 
oppositely disposed, spaced-apart, air-permeable, 
liquid-impermeable cathodes in the form of air elec- 
trodes defining between themselves a space open, 
towards the upper edges of the cell housing and 
closed at the lateral edges and the bottom of the cell 
housing, the space being configured to accommo- 
date an anode of said battery, substantial portions of 
the major surfaces of the housing being removed, 
thus exposing major portions of the air electrodes. 
The two major surfaces of the housing are partly 
recessed in such a way as to form, in conjunction 
with a similarly recessed outer surface of a major 
wall of an adjacent cell housing, an air space with air 
access and exits, and the exposed portions of the air 
electrodes are supported and reinforced by ribbing 
constituted at least by a plurality of si nder rails, 
which rails define ducts for guiding a flow of air 
across the portions of th air electrodes from the air 
access toward th xits. 



Fig.1. 
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The present invention r lates to a modular cell 
for a multi-cell metal-air battery system, more par- 
ticularly for such a system to b used in lectrically 
powered vehicles. 

The need for such a system, as well as the 
prior art batteries known today, have been exhaus- 
tively discussed in European Patent Application No. 
92308405.7. 

While the performance of the cell according to 
the above application (as well as of the gas diffu- 
sion electrode disclosed in U.S. Patent Application 
Serial No. 08/062,835, the teachings of which are 
incorporated herein by reference) proved to be 
superior to the prior art batteries with respect to the 
most important parameters of batteries for electric 
vehicles, namely, high continuous current drain as 
well as short term high peak power output and high 
energy content, these cells were not quite satisfac- 
tory concerning certain practical aspects of their 
suitability for the above purpose: The battery de- 
sign was not fully optimized for compactness, the 
relatively delicate air cathode was not sufficiently 
supported to produce stability and counteract bulg- 
ing, and cooling, that is, carrying off the heat gen- 
erated as byproduct of the electro-chemical reac- 
tion, was not efficient enough to maintain an ac- 
ceptable operating temperature also under less fa- 
vorable climatic conditions. 

Another drawback of the prior art metal-air bat- 
teries is the rather rudimentary design of the elec- 
trical contacts, which does not allow for rapid re- 
moval of exhausted anodes and their equally rapid, 
yet electrically reliable, replacement by fresh ones. 

It is thus one of the objects of the present 
invention to provide a modular cell that is designed 
for compactness to optimize energy and power 
densities. It is a further object of the invention to 
protect and support the air electrode without inter- 
fering with air access and to enhance air flow to 
improve distribution of reaction air to the electrode 
surfaces. It is yet another object of the invention to 
provide the anode and cathodes of the cell with 
electric terminals that will ensure loss-free contacts 
during operation, while facilitating rapid separation 
for removal of exhausted anodes and equally rapid 
and reliable reconnection upon their replacement 
by fresh anodes. Still another object of the inven- 
tion is the provision, on the cells, of surface fea- 
tures that facilitate the secure and accurate inter- 
locking of juxtaposed cells to form multi-cell bat- 
teries. 

According to the invention, these objects are 
achieved by providing a modular cell for a multi- 
cell metal-air battery system, comprising a rela- 
tiv ly flat c II housing having tw major surfac s 
and accommodating a pair of oppositely disposed, 
spaced-apart, air-p rmeabte, liquid-impermeabl 
cathodes in the form of air electrodes d fining 



between themselves a spac open towards the 
upper edges of said cell housing and closed at the 
lateral edges and the bottom of said c II housing, 
said space being configured to accommodate an 

5 anode of said battery, substantial portions of the 
major surfaces of said housing being removed, 
thus exposing major portions of said air electrodes, 
characterized in that said two major surfaces are 
partly recessed in such a way as to form, in 

to conjunction with a similarly recessed outer surface 
of a major wall of an adjacent cell housing, an air 
space with air access and exits, and that the ex- 
posed portions of said air electrodes are supported 
and reinforced by ribbing constituted at least by a 

75 plurality of slender rails, which rails define ducts for 
guiding a flow of air across said portions of said air 
electrodes from said air access toward said exits. 

In preferred embodiments of the present inven- 
tion, there is provided a modular cell for a multi-cell 

20 metal-air battery system, comprising a relatively 
flat cell housing having two major surfaces and 
accommodating a pair of oppositely disposed, 
spaced-apart, air-permeable, liquid-impermeable 
cathodes in the form of air electrodes defining 

25 between themselves a space open towards the 
upper edges of said cell housing and closed at the 
lateral edges and the bottom of said cell housing, 
said space being configured to accommodate an 
anode of said battery, substantial portions of the 

30 major surfaces of said housing being removed, 
thus exposing major portions of said air electrodes, 
characterized in that said two major surfaces are 
partly recessed in such a way as to form, in 
conjunction with a similarly recessed outer surface 

35 .of a major wall of an adjacent cell housing, an air 
space with air access at the lower edge of said cell 
housing and exits at least at the upper regions of 
the lateral edges thereof, and that the exposed 
portions of said air electrodes are supported and 

40 reinforced by ribbing constituted at least by a plu- 
rality of slender, generally upwardly-extending rails, 
which rails define ducts for air entering said air 
space from below and exiting it at said upper 
regions. 

45 All electric batteries generate heat during op- 
eration, one source thereof being the inefficiency of 
conversion of chemical energy to electrical energy, 
and the second source being the ohmic resistance 
of the battery itself. In most batteries, such heat is 

so dissipated naturally, mainly by convection. How- 
ever, batteries designed to power electric vehicles 
are designed to provide high power from a com- 
pact battery envelope and may exhibit a high tem- 
perature rise if no additional provision is made for 

•55 cooling. 

Further aggravating th problem is th consid- 
eration that road vehicles need to be designed to 
allow operation in ambient temperatures as high as 



EP 0 673 076 A1 



50 *C; under such conditions, the generated heat 
may raise battery temperature to a level causing 
long-term battery damage. 

While a high operating temperature is not nec- 
essarily detrimental to battery performance, there 
are many reasons justifying some cooling arrange- 
ment in a battery of this type. First, in a naturally 
cooled battery the inner cells will operate at a 
considerably higher temperature than those on the 
battery perimeter, leading to operating differentials 
between the cells. Second, the temperature may 
rise above that allowed for the plastic parts of the 
cell, or for the electrolyte. Finally, it is often ad- 
vantageous to use the heat removed from the bat- 
tery for the purpose of vehicle interior heating. 

It is therefore a further object of the invention 
to provide a cooling system for said modular cell. 

According to the invention, these objects are 
achieved by providing a modular cell for a multi- 
cell metal-air battery system, comprising a rela- 
tively flat cell housing having two major surfaces 
and accommodating a pair of oppositely disposed, 
spaced-apart, air-permeable, liquid-impermeable 
cathodes in the form of air electrodes defining 
between themselves a space open towards the 
upper edges of said cell housing and closed at the 
lateral edges and the bottom of said cell housing, 
said space being configured to accommodate an 
anode of said battery, substantial portions of the 
major surfaces of said housing being removed, 
thus exposing major portions of said air electrodes, 
characterized in that said two major surfaces are 
partly recessed in such a way as to form, in 
conjunction with a similarly recessed outer surface 
of a major wall of an adjacent cell housing, an air 
space with air access and exits, and that the ex- 
posed portions of said air electrodes are supported 
and reinforced by ribbing constituted at least by a 
plurality of slender rails, which rails define ducts for 
guiding a flow of air across said portions of said air 
electrodes from said air access toward said exits; 
and further characterized in that an upper portion of 
at least one major surface of said housing is pro- 
vided with a fluid flow channel having an inlet 
provided in a wall of a first minor surface of said 
housing and an outlet provided in a wall of a 
second, opposite minor surface of said housing, for 
guiding a cooling fluid introduced into said inlet 
across an upper area of said cell, in heat exchange 
with electrolyte contained in upper portions of said 
open space, via an inner wall of said housing 
portion. 

Preferably, but not necessarily, said fluid flow 
channel is in the form of a labyrinth or serpentine 
path and said fluid is a cooling liquid. 

Cooling systems for batteries have been w II- 
known in th art for decad s. 



Thus, e.g., U.S. Patents 3,290,176 and 
5,093,213 describe batteries with an electrolyte cir- 
culating system for effecting cooling. 

Similarly. U.S. Patents 754,969 from the year 
5 1904, and later Patents 4,463,064; 4,324,844; 
4,578,324; 4,956,245; 4,945,010 and 5,212,024 all 
describe various arrangements of circulating flow 
channels for cooling fluid formed in spacing be- 
tween cells. 

70 None of said patents, however, teaches of sug- 
gests a metal air battery as defined herein, wherein 
scrubbed air can flow without interruption between 
adjacent cells to effect the metal-air reaction, while 
cooling is effected via liquid flow channels provided 

;5 in the cathode housing itself, and not via a radiator 
placed external to the cell. 

The invention will now be described in connec- 
tion with certain preferred embodiments with refer- 
ence to the following illustrative figures so that it 

20 may be more fully understood. 

With specific reference now to the figures in 
detail, it is stressed that the particulars shown are 
by way of example and for purposes of illustrative 
discussion of the preferred embodiments of the 

25 present invention only, and are presented in the 
cause of providing what is believed to be the most 
useful and readily understood description of the 
principles and conceptual aspects of the invention. 
In this regard, no attempt is made to show struc- 

30 turat details of the invention in more detail than is 
necessary for a fundamental understanding of the 
invention, the description taken with the drawings 
making apparent to those skilled in the art how the 
several forms of the invention may be embodied in 

35 practice. 

In the drawings: 

Fig. 1 is a perspective view of the cell ac- 
cording to the invention, with the air 
cathode in position but without the 
40 anode; 

Fig. 2 is a partial view to an enlarged scale, 
in cross-section along plane I HI , of 
the cell of Fig. 1; 

Fig. 3 is a bottom view of several juxtaposed 
45 cells, showing the air ducts produced 

by the rails of adjacent cell housings; 

Fig. 4 is a partial side view, showing the 
arrangement of the cathode terminals; 

Fig. 5 is a top view of the electrode rod and 
so the terminal clip attached to the flat- 

tened and bent end portion thereof; 

Fig. 6 illustrates the anode of the cell ac- 
cording to the invention; 

Fig. 7 illustrates a variant of the guide and 
55 positioning frame, and 

Fig. 8 is a perspective view of th cell ac- 
cording to th invention, with th air 
cathod in position but without the 
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anode; the fluid flow channel used for 
cooling being seen n ar th upper 
edge of the cell. 

Referring now to the drawings, there is seen in 
Fig. 1 the cell 2 consisting of a split cell housing 4, 
4'. The two housing halves 4, 4* are exactly iden- 
tical and are cemented together during the assem- 
bly of the cell 2 (see also Fig. 2). 

The two major surfaces of the cell housing 4, 
4* (of which only one half, 4\ is seen) are provided 
with window-like openings 8 through which the air 
cathodes 6 are exposed to air; These openings 8 
are defined by a latticework constituted of a plural- 
ity of slender, vertically-extending rails 10 linked 
and reinforced by horizontal webs 12 which, how? 
ever, are not as thick as the rails 10. The rails 10 
and webs 12 support and protect the air cathodes. 
It is also seen that, closer to the bottom of the cell, 
spacing between the webs 12 is reduced to pro- 
vide more support where hydrostatic pressure dur- 
ing removal and insertion of the anode 62 (Fig. 6) 
is greater. 

For proper registration of the two halves 4, 4* 
of the split housing when cementing them to one 
another, as well as for strengthening the cemented 
joint, tongues 13 and grooves 15 are provided at 
suitable locations along the mating edges 17, 17* 
(see Fig. 2). Similar tongue-and-groove features 14 
and 16 are provided on the outer surfaces of the 
halves 4, 4', to facilitate the accurate joining of the 
cell housing and the well-defined juxtaposition, ma- 
jor surface to major surface, of any number of cells 
2, and to prevent air leakages from between adja- 
cent cells. These male-female interlocking features 
are important for reducing the need for external 
mechanical elements for module stability and rigid- 
ity. 

The surfaces 18 are slightly recessed, as is 
seen to best advantage in Fig. 2, while the top 
surfaces 20 of the rails 10 (see Fig. 2) are co- 
planar with the rims 22 and the upper surface 
portion 24 of the major surfaces of the housing 4, 
4'. Thus, when the cells 2 are juxtaposed to form a 
battery, an air space is created in conjunction with 
a similarly recessed surface 18 of ah adjacent cell 
2, with an access 26 at the lower edge 28 of the 
cell 2 and exits 30 at the upper region of the lateral 
edges of the cell 2. The outer edges 19 of the 
lower recessed surfaces 18 are preferably rounded 
or chamfered to facilitate the entry of air into the air 
space between adjacent cells. Fig. 3 shows that the 
rails 10 of each cell define, with similar rails 10 of 
adjacent celts, ducts 32 for air entering the air 
space from below and exiting it at th xit slots 30. 
The latter are narrowed to produce a certain back- 
pressure required to ensur a substantially uniform 
distribution of air throughout all cells 2 in a string of 
cells. The air exiting slots 30 is led through a duct 



(not shown) formed between the string of cells of a 
battery and the casing (not shown) in which th 
battery is accommodated. 

The upper edges of each cell 2 are designed 

s with half of each edge protruding in the form of a 
lip 25 that, in a string of juxtaposed cells 2, will 
overlap the non-protruding edge half 25' of the 
adjacent cell 2, with the lip 25 of the adjacent cell 
overlapping the non-protruding edge half 25 1 of the 

io first cell 2. During refueling, this will prevent drip- 
ping of the electrolyte into the air space between 
the cells 2. Instead, the electrolyte drips onto the 
lip 25 and is deflected into the interior of the cell 2. 
Along the upper portion of the recessed sur- 

75 face 18, there are disposed a plurality of projec- 
tions 27, the faces of which are substantially co- 
planar with the major surfaces of cell 2. These 
projections 27 prevent the recessed surfaces 18 
which define the air ducts from being squeezed 

20 together to impede flow of air. 

Delivery of air in predetermined quantities is 
required primarily for the chemical reaction and, 
secondarily, for cooling. The proper amount of air, 
based on a predetermined multiple of the 

25 stoichiometric quantity required for reaction and 
proportional to cell current, must reach all parts of 
. the air electrode face evenly. 

The air ducts 32 must be sufficiently large to 
allow unimpeded airflow with a minimum of pres- 

30 sure drop from one end of the battery string to the 
other, and sufficiently small to minimize the amount 
of air available at the surface of the air electrode 6 
when the battery is not operating (or in an emer- 
gency situation). Moreover, the air ducts 32 must 

35 be sized and positioned so that the overall volume 
of the battery is minimized. 

The air cathodes 6 are clearly shown in Fig. 2. 
They must be air-permeable, but substantially im- 
permeable to liquid electrolytes. The composition 

40 of their active material 34 has been explained in 
the two above-mentioned prior art disclosures, and 
each of them is advantageously compressed upon 
a conductive metal screen 36 in conjunction with a 
further preferred supporting plastic screen 37. As 

45 can be seen, the edge 38 of the screen 36 of each 
cathode is soldered to a metal collector element, 
advantageously in the form of a copper rod 40. 
This rod 40 (of which each cell 2 has two) is 
accommodated in a duct formed between the inter- 
so nal lateral walls 42 of the cell 2 and a groove 44 in 
a plastic, three-sided frame 46 having an H-shaped 
cross-section. Rod 40 extends along the entire cell 
. 2 and emerges at the upper end thereof. The 
flattened and swung-out end of rod 40 (see Figs. 1 

55 and 5) carries a clip-like terminal 48, advanta- 
geously mad of silver or any oth r highly conduc- 
tive metal. Th metal screens 36 are glued to the 
H-profile 46, while the plastic screens 37 ar glued 
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to the inside surfaces 50 of the celt 2. 

The space defined by the groove 52 of the 
frame 46 is filled by the anode 54, indicated by 
dash-dotted lines and to be described further be- 
low. 

As in a battery module the anodes and cath- 
odes of adjacent cells are series-connected, it is 
clear that the cathode of one cell 2 must be con- 
nected to the anode of the adjacent cell 2. There- 
fore, as seen in Fig. 4, the terminal clip 48 of the 
first cell 2 must be offset, to be located in the 
center plane of the second cell 2, and so on. The 
shape of the end portion 56 of rod 40 is illustrated 
in the top view of Fig. 5. The end portion 56 is 
seen to be flattened and bent so that the terminal 
clip 48 clears the upper lateral end of the cell. 2 
and is offset by the proper distance to become co- 
planar with the anode 6 of the second cell 2. 

- Further seen in Fig. 4 are shaped steel springs 
58 (not shown in Rg. 1), to provide the required 
contact pressure which the relatively soft clips 48 
alone could not produce. The knife-like terminals 
60 of the anodes 6 are indicated by dash-dotted 
lines. . 

A variant of the guide and positioning frame 46 
is seen in Fig. 7\ Here, the frame 46 has a 
shaped cross-section and the current collector is a 
flat metal bar 40 accommodated in the space 
formed between the lateral inside wall 42 of the cell 
2; and the vertical member of the frame 46. Clearly, 
the upper end (not shown) of the flat bar 40 must 
be suitably shaped to carry the terminal clips 48 of 
Fig. 4. Rg. 7 does not show the air electrodes 34. 

The anode is illustrated in Fig. 6. It is seen to 
consist of the anode mass 62 proper, advanta- 
geously consisting of porous zinc granules impreg- 
nated with a suitable electrolyte, as explained in 
detail in the above-mentioned European Applica- 
tion, and pressed onto a number of conductors 64, 
preferably made of copper and connected to a 
yoke 66 which, at its ends, carries the knife con- 
tacts 60. Except for two small breather holes (not 
shown), a gasket 68 seals off the cell 2 when the 
anode 54 is inserted. Two undercuts 70 serve for 
application of an extractor tool for removal of ex- 
hausted anodes. 

While the rails 10 and webs 12 that support 
and protect the air cathode 6 were shown as ex- 
tending vertically and horizontally, respectively, it 
will be appreciated that other directions of these 
components are also possible. Thus, the air ducts 
defined by the rails 10 could even be slanting, or 
even meandering. 

Referring now to Rg. 8, there is described a 
pr ferred embodiment of th present invention 
which is a modification of the embodiment as de- 
scribed with reference to Fig. 1, and in which 
identical numbers have been us d to identify iden- 



tical parts. 

As can be seen in the embodiment as shown 
in Fig. 8, upper surface portion 24 is provided with 
a fluid flow channel 72, having an inlet 74 provided 

5 in a wall 76 of a first minor surface of the cell 2. In 
the embodiment shown, an outlet 80 is provided in 
a wall 82 of an opposite minor surface, which, 
together with said fluid flow channel, provides guid- 
ance for a cooling fluid (not shown) introduced into 

w the inlet 74. In a further embodiment (not shown), 
the inlet 74 and outlet 80 both appear on the same 
wall, the fluid flow channel having an extended 
length in the general form of a long, narrow U. 
The cooling fluid is preferably a liquid; for 

75 example, a polyglycol. 

Cooling is thus provided across the upper area 
of the cell 2, as the cooling fluid passes along the 
channel 72. The electrolyte (not shown) which is 
contained in the cell open space and is in contact 

20 with the rear face of the channel 72, thus transfers 
part of its excess heat to the cooling fluid in the 
well-known heat exchanger process. 

In the preferred embodiment shown, the fluid 
flow channel 72 is in the form of a labyrinth 86 to 

25 maximize heat transfer. Other forms of fluid flow 
channels, such as a serpentine path, are also fea- 
sible. Convective circulation of the electrolyte with- 
in the open space of cell 2 is stimulated by the 
effect of the heat transfer at the top of the cell, 

30 causing a greater temperature gradient within the 
electrolyte within the cell, thereby increasing cool- 
ing effectiveness. It may be further noted that the 
vibration and other motions present in moving road 
vehicles are also helpful in this regard. 

35 In the preferred form of construction shown, 

the fluid flow channel 72 is integrally formed as a 
meandering groove provided in the upper surface 
portion 24. A cover panel, which has been removed 
in the drawing to show the channel 72, seals and 

40 defines the flow path within the labyrinth 86. In a 
further embodiment (not shown), the flow channel 
is found within the upper surface portion 24; there 
is then no need for a cover panel. 

It will be appreciated that, while the terms 

45 "cementing "glueing" and "soldering" have been 
used throughout the specification, they are by no 
means to be understood as limiting in any way, 
only being used as convenient examples of well- 
known joining methods and could be replaced by 

so other, more efficient and up-to-date methods such 
as welding (ultrasonic, laser) and the like. In fact, it 
is projected to mold each of the cell halves 4, 4* 
complete with the air electrode 6 and the current 
collector 40 insid , and then to join the two halves 

55 4, 4' by a welding process. 

It should be noted that such directional indica- 
tors as "upper", "lower", "v rtical" and "horizon- 
tal" wer used not as limiting qualifiers, but only in 
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order to facilitate und rstanding of th invention 
with the aid of the drawings appended and that, 
ideally, th compon nts and features characterising 
the cells constituting the battery system according 
to the invention should be able to operate flaw- 
lessly also in positions and orientations other than 
those indicated, e.g., in Fig. 1. 

It will be evident to those skilled in the art that 
the invention is not limited to the details of the 
foregoing illustrated embodiments and that the 
present invention may be embodied in other spe- 
cific forms without departing from the spirit or 
essential attributes thereof. The present embodi- 
ments are therefore to be considered in all re- 
spects as illustrative and not restrictive, the scope 
of the invention being indicated by the appended 
claims rather than by the foregoing description, and 
all changes which come within the meaning and 
range of equivalency of the claims are therefore 
intended to be embraced therein. 

Claims 

1. A modular cell for a multi-cell metal-air battery 
system, comprising a relatively flat cell hous- 
ing having two major surfaces and accom- 
modating a pair of oppositely disposed, 
spaced-apart, air-permeable, liquid-imperme- 
able cathodes in the form of air electrodes 
defining between themselves a space open 
towards the upper edges of said cell housing 
and closed at the lateral edges and the bottom 
of said cell housing, said space being config- 
ured to accommodate an anode of said bat- 
tery, substantial portions of the major surfaces 
of said housing being removed, thus exposing 
major portions of said air electrodes, character- 
ized in that said two major surfaces are partly 
recessed in such a way as to form, in conjunc- 
tion with a similarly recessed outer surface of a 
major wall of an adjacent cell housing, an air 
space with air access and exits, and that the 
exposed portions of said air electrodes are 
supported and reinforced by ribbing consti- 
tuted at least by a plurality of slender rails, 
which rails define ducts for guiding a flow of air 
across said portions of said air electrodes from 
said air access toward said exits. 

2. The cell as claimed in claim 1, comprising a 
relatively flat cell housing constituted of two 
housing halves, said housing having two major 
surfaces and accommodating a pair of oppo- 
sit ly disposed, spac d-apart, air-permeabl , 
liquid-imperm able cathodes in th form of air 
electrodes defining between themselves a 
space open towards the upper edges of said 
cell housing and closed at th lateral edges 



and the bottom of said cell housing, said space 
being configured to accommodate an anode of 
said battery, substantial portions of the major 
surfaces of said housing being removed, thus 

5 exposing major portions of said air electrodes, 

characterized in that said two major sur- 
faces are partly recessed in such a way as to 
form, in conjunction with a similarly recessed 
outer surface of a major wall of an adjacent 

w cell housing, an air space with air access at 

the lower edge of said cell housing and exits at 
least at the upper regions of the lateral edges 
thereof, and that the exposed portions of said 
air electrodes are supported and reinforced by 

T5 ribbing constituted at least by a plurality of 

generally upwardly-extending rails, which rails 
define ducts for air entering said air space 
from below and exiting it at said upper regions. 

20 3. The cell as claimed in claim 2, further compris- 
ing registering means provided along mating 
edges of said housing halves to facilitate the 
accurate joining thereof. 

25 4. The cell as claimed in claim 1, wherein said air 
exits are in the form of narrowed slots. 

5. The cell as claimed in claim 1 , wherein said 
housing is a split housing. 

30 

6. The cell as claimed in claim t, wherein said 
ducts are defined by said rails in conjunction 
with similar rails of adjacent celt housings. 

35 7. The cell as claimed in claim 1, wherein said 
rails extend in a substantially vertical direction. 

8. The cell as claimed in claim 7, further compris- 
ing a plurality of webs extending in a substan- 

40 tially horizontal direction and interlinking and 

reinforcing said rails, and further supporting 
and reinforcing said air electrodes. 

9. The cell as claimed in claim 7, further compris- 
45 ing a plurality of webs extending in a substan- 
tially diagonal direction and interlinking and 
reinforcing said rails, and further supporting 
and reinforcing said air electrodes, while creat- 
ing a turbulent air flow within said ducts de- 

50 fined by said rails. 

10. The cell as claimed in claim 8, wherein, closer 
to the bottom of said cell, spacing between 
said webs is reduced to provide more support 

55 where hydrostatic pr ssure is great r. 

11. The c II as claimed in claim 1, further compris- 
ing first and second terminal means connected 
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to said anode and said cathodes respectively, 
to facilitate a breakabl seri s connection be- 
tween the anod of on celt and th cathodes 
of a directly adjacent cell. 

12. The cell as claimed in claim 11, wherein said 
second terminal means are provided with 
shaped springs to ensure adequate electrical 
contact between said first and said second 
terminals. 

13. The cell as claimed in claim 1, further compris- 
ing registering means provided along the major 
outer surfaces of said housing, facilitating a 
well-defined and mechanically strengthened 
juxtaposition, major surface to major surface, 
of a plurality of said cell housings. 

14. The cell as claimed in claim 1, wherein said air 
electrodes consist of an electrochemically-ac- 
tive material compressed upon a conductive 
metal screen. 

15. The cell as claimed in claim 1, further compris- 
ing a partial, three-sided frame extending along 
the inner vertical edges and the inner bottom 
edge of said cell housing and having an H- 
shaped cross-section, one of the grooves for- 
ming said H-shape accommodating a rod-like 
current collector connecting at least one of 
said metal screens to said second terminals, 

u the second one of said grooves forming said 
H-shape serving as guide and positioning 
groove for said anode. 

16. The cell as claimed in claim 15, wherein the 
outer surfaces of said partial frame serve as 
spacers to said air electrodes, to which outer 
surfaces the marginal portions of the inner 
surfaces of said air electrodes are fixedly 
joined. 
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lip that, in any cell of a string of said modular 
cells, overlaps the non-protruding edg half of 
any directly adjacent cell, with the lip of said 
adjacent cell overlapping the non-protruding 
edge of the first cell. 

20. The cell as claimed in claim 1 , further compris- 
ing a plurality of projections disposed on por- 
tions of said recessed surfaces forming said air 
space for the purpose of preventing deforma- 
tion of said recessed surfaces liable to impede 
air passage through said space. 

21. A modular cell for a multi-cell metal-air battery 
system according to claim 1 , wherein an upper 
portion of at least one major surface of said 
housing is provided with a fluid flow channel 
having an inlet and an outlet provided in a wall, 
of a minor surface of said housing for guiding 
a cooling fluid introduced into said inlet across 
an upper area of said cell, in heat exchange 
with electrolyte contained in upper portions of 
said open space, via an inner wail of said 
housing portion. 

22. The cell as claimed in claim 21, wherein said 
fluid flow channel is in the form of a labyrinth. 

23l The cell as claimed in claim 21, wherein said 
fluid is a cooling liquid. 

24. The cell as claimed in claim 21, wherein said 
fluid flow channel is integrally formed as a 
meandering groove provided in an upper por- 
tion of said housing. 



17. The cell as claimed in claim 15, wherein said 
three-sided frame has a U-shaped cross-sec- 
tion, the inside surfaces of which serve as 
guide and positioning surfaces for said anode. 



45 



18. The cell as claimed in claim 17, further com- 
prising a current collector in the form of an 
elongated metal bar connecting at least one of 
said metal screens to said second terminals, 
said collector being located in a space formed 
between a lateral inside wall of said cell and a 
lateral member of said three-sided frame. 

19. The cell as claimed in claim t, wher in th 
upper edges of ach c II ar d signed with 
half of each edge protruding in th form of a 
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